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ELECTRICAL CONNECTOR ASSEMBLY FOR 
ANTISKID BRAKING SYSTEM 

This application is a divisional of application Ser. No. 
07/067,900 ?led June 29, 1987 now U.S. Pat. No. 
4,785,532 which was a division of application Ser. No. 
06/789,999 ?led Oct. 22, 1985 now US Pat. No. 
4,697,863. 

FIELD OF THE INVENTION 

This relates to the ?eld of electrical connectors and 
more particularly to an assembly of electrical connec 
tors to actuate soleniod valves. 

BACKGROUND OF THE INVENTION 

Anti-lock braking systems are known comprising 
microprocessor controlled devices designed to prevent 
sudden braking from looking the wheels of an automible 
and sending it into a skid. Such devices modulate the 
brake pressure applied to each wheel individually or to 
the front wheels individually and the rear wheels to 
gether, preferably in response to wheel-speed sensors 
on each wheel. Such magnetic or electronic sensors 
constantly monitor individual wheel speed and transmit 
data up to 2000 times per second to the on-board com 
puter or microprocessor, and thus are capable of detect 
ing rapid changes in wheel ratational speed. Early vacu 
um-mechanical systems were relatively bulky and 
costly, and they controlled only the rear wheels work» 
ing only to prevent rear-wheel skids. Such early sys 
tems did not retain maneuverability during sudden stops 
meaning that desirable changes in the vehicle’s direc 
tion could not be attained. 
A typical modern system brakes each wheel appro 

priately, responding to a lockup signal by automatically 
pumping the brakes, repeatedly releasing and applying 
pressure to the brakes as many as twelve cycles per 
second. Some such modern systems also use hydraulic 
circuits to provide extra boosts of brake pressure when 
needed but are very costly. Modern systems also rely on 
two identical logic circuits which must agree before the 
anti-lock braking system would function; otherwise 
regular driver-controlled braking will remain in effect. 

Conventional systems utilize modulators (such as 
soleniod valves with bypass valves) located at each 
wheel, or at each front wheel and at the rear-axle pinion 
to modulate each front wheel separately and the rear 
wheels together. It is desirable to locate all modulators 

. at one location greatly reducing assembly costs. 
It is desirable to gang together all electrical wires 

from the computer in a single wire harness. It is further 
desirable to provide one assembly of soleniods having a 
single electrical connector assembly matable with the 
wire harness from the computer. 

It is still further desirable to provide solenoids having 
two levels of responses to provide lesser or greater 
in?uence on the wheel braking systems. 

SUMMARY OF THE INVENTION 

A computer-controlled antiskid braking system for an 
automobile includes individual wheel rotation sensors 
which transmit to a computer which compares the in 
formation and determines if a wheel is about to skid 
during braking. The computer causes power current to 
be sent to an appropriate one of several solenoids which 
one solenoid controllably and incremerntally releases 
pressure along the now-pressurized brake ?uid line 
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2 
between the master cylinder and the individual brake 
system for the about-to-skid wheel. 
The solenoids are secured in a covered reservoir or 

tank containing electrically nonconductive brake fluid 
above a cast metal housing and extend therebetween in 
communication with the brake ?uid passageways ex 
tending to each wheel. A solenoid connector electri= 
cally connects appropriate leads of a primary and a 
secondary magnet wire coil which generate two levels 
of responses of the solenoid spindle, to conductive paths 
of a connector harness secured to inside surfaces of 
sidewalls of the tank. The conductive paths extend from 
all the soleoid connects to contact sections in a single 
de?ned contact area to be engaged by terminals of a 
bulkhead connector. The bulkhead connector is dis 
posed through an aperture of the tank wall and sealingly 
secured to the tank wall around the aperture, preferably 
by ultrasonic welding, and the terminals thereof extend 
inwardly to the connector harness inside the tank and 
outwardly within a receptacle portion of the bulkhead 
connector outside the tank. The connector’s receptacle 
portion receives a plug portion of a mating connector of 
a wire harness electrically connected to a power supply 
controlled by the computer. The connector harness 
within the tank preferably is made by molding a three 
part housing over the conductive paths on a lead frame, 
with apertures de?ning exposed contact sections of the 
conductive paths, for engaging solenoid connector 
contacts or contact sections flush with a housing surface 
for engaging contacts of the bulkhead connector. The 
links between the conductive paths are then severed. By 
molding the housing in three distinct spaced portions, 
the conductive paths which are spaced and parallel at 
that location may be bent so that the connector hard 
ness may extend around inside corners of the tank. The 
bulkhead connector and each soleoid connector may 
also comprise lead frames which are overmolded. 
The contacts of both the solenoid connectors and the 

buldhead connector preferably comprise spring contact 
arms which engage contact surfaces of the conductive 
paths of the connector harness, so the connector hard 
ness can be substantially completely planar in construc 
tion. 
The connector harness is assembled to the tank after 

the bulkhead connector has been sealingly secured in 
the tank wall aperture with spring contact arms dis 
posed and aligned horizontally in a contact engagement 
area. The connector harness is bent appropriately to 
conform to the shape of the inside of the tank sidewalls 
and is urged downwardly with parallel vertical mount 
ing flanges of the bulkhead connector, until contact 
sections of the conductive paths are engaged under 
spring sections of the conductive paths are engaged 
under spring bias by the spring contact arms of the 
bulkhead connector. The vertical movement of the 
connector harness is stopped at this point by stops on 
the ?oor of the tank. The end portions of the connector 
harness similarly are engaged by mounting ?anges on 
the tank sidewalls and are stopped by stops on the tank 
?oor. The connector harness may then be secured to the 
tank sidewalk much as by heat saking, bonding or ultra 
sonic welding. 
Each solenoid connector is secured to the solenoid 

forming a solenoid assembly. Each solenoid assembly is 
then secured to the ?oor of the tank after assembly of 
the connector harness to the tank and the bulkhead 
connector, by being inserted into a hole in the tank floor 
and then rotated such that the spring contact arms wipe 
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into biased engagement with the appropriate conduc 
tive paths on the connector harness, and the assembly is 
then latched at that angular location. One solenoid as 
sembly can be utilized to affect the braking of both rear 
wheels, whereas each front wheel has a separate as 
signed solenoid assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a. block diagram of the antiskid braking 
system for a vehicle to which the present invention 
relates. 
FIG. 2 is a perspective view of the electrical connec 

tor assembly assembled to a brake fuild tank. 
FIG. 2A is a part plan view of the bulkhead connec 

tor and connector harness mounted to the tank. 
FIG. 3 is a perspective view of a bulkhead connector. 
FIG. 4A, 4B and 4C show the making of the bulk 

head connector of FIG. 3. 
FIG. 5 and 5A are section views of the bulkhead 

connector of FIG. 3 assembled to the tank, and the 
connector hardness being mounted thereonto, with 
FIG. 5 taken along lines 5-—-5 of FIG. 2. 
FIG. 6 is a perspective view of the bulkhead connec 

tor and a mating connector. 
FIG. 7 is a perspective view of the connector harness 

of the present invention. 
FIG. 8A, 8B and 8C show the making of the connec 

tor harness of FIG. 7. 
FIG. 9 is an exploded perspective view of the 

soleniod connector, the magnet wire connector of a coil 
of the solenoid and a magnet wire terminal. 
FIGS. 10A, 10B and 10C show the making of the 

solenoid connector of FIG. 9. 
FIG. 11 is a part section view taken along line 11—11 

of FIG. 2 and shows a solenoid connector mounted to a 
solenoid and engaging the connector harness of FIG. 7. 
FIG. 11A demonstrates the mouting of the soleniod 

connector to the magnet wire connector, with a magnet 
wire terminal terminated to an end of the magent wire 
of a coil. 
FIG. 12 is a top view taken along line 12—12 of FIG. 

2 and shows a soleniod connector engaging the connec 
tor harness of FIG. 7. 
FIG. 12A is a part plan view showing the mounting 

of a solenoid assembly to the tank, to engage the con 
nector harness. 
FIG. 13 shows the electrical paths of the electrical 

connector assembly of the present invention. 
FIG. 14 is a circuit diagram of the electrical connec 

tor assembly of the present invention. 

DETAILED DESCRIPTION OF THE 
' PREFERRED EMBODIMENT 

FIG. 1 is a block diagram illustrating the anti-skid 
braking system 10 of which the connector assembly 12 
of the present invention is a part. System 10 as described 
herein relates to an automible having an on-board con 
trol computer 14 and four wheels 16, as well as a brake 
?uid tank 30 and master cylinder 330. Each wheel 16 
has a brake cylinder 18 connected by hydraulic line 20 
master cylinder 330. A sensor 22 associated with each 
wheel 16 senses the rotational speed thereof during 
braking and signals the computer 14. Compter 14 com 
pares the information from each wheel sensor 22 during 
braking and by an algorithm determines if a wheel is 
about to skid, by determining that a particular wheel’s 
rotational speed is becoming substantially less than the 
speed of the other wheels. In such a case the computer 
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4 
will cause power to be sent to a particular soleniod 300 
in tank 30 same which will instantaneously relieve by a 
selected amount, the pressure on the particular hydrau 
lic line 20 leaking to the particular wheel 16. System 10 
can be designed to have the capability to take continu 
ous readings by sensors 22 to be able to actuate a sole» 
noid 300 by a micropulse occurring within milliseconds, 
and at two levels of solenoid reponse. 
Computer 14 controls soleniods 300 by controlling 

switches to chassis ground to which are connected 
ground lines of electrical cables 118 termintated by wire 
harness connector 100, with power lines of cables 118 
connected to power supply 24. Connector 100 mates 
with bulkhead connector 40 mounted on the brake fluid 
tank 30, and bulkhead connector 40 extends into tank 30 
amd is electrically connected to connector harness 120 
within tank 30. In turn, connector harness 120 is electri 
cally connected to soleniods 300 mounted within tank 
30 which soleniods 300 are in _communication with 
respective passageways in master cylinder 330 disposed 
immediately under tank 30. The passageways are in 
communication with respective hydraulic lines 20 head 
ing to respective brake cylinders 18 of respective 
wheels 16. In the embodiment shown, both rear wheels 
LR and RR have a least a common passageway within 
master cylinder 330 and are affected in tandem by only 
one respective solenoid 300C. Each front wheel LF and 
RF has a separate solenoid 300A, 300B respectively. A 
?uid supply line 26 leads from tank 30 into master cylin 
der 330, and tank 30 preferably has a ?uid level sensor 
28 to detect an insufficient level of brake fluid within 
tank 30 and to signal computer 14 thereof. 

FIG. 2 shows connector assembly 12 of the present 
invention which. in the preferred embodiment com 
prises bulkhead connector 40, connector harness 120, 
and three soleoid connectors 200 and associated magnet 
wire connectors 250 of the three soleniod assemblies 
300. 

Fuid tank 30, as shown in FIG. 2, is preferably 
molded integrally of thermoplastic resin such as glass 
filled nylon, having sidewalls 32, ?oor 34, corners 36 
and ?anges 38. One of sidewalls 32 has an aperture 82 
through which will be sealingly secured bulkhead con 
nector 40. Fluid tank 30 will be securely mounted atop 
master cylinder 330 during assembly. Connector har 
ness 120 will be mounted to walls 32 within tank 30. 
Solenoid assemblies 300 will be secured to tank ?oor 34, 
having lower portions extending through apertures 314 
into repective passageways of master cylinder 330 asso 
ciated with the hydrualic lines extending to the brake 
cylinders of the several wheels. 

Referring FIG. 3 and 4B, bulkhead connector 40 
comprises a housing 42 and eight contact members 44. 
Each contact member 44 includes body section 46, post 
section 48,50 extending forwardly therefrom and spring 
contact arm section 52 extending rearwardly therefrom. 
Spring contact arm section 52 has an arcuate end por 
tion 54 on the outside surface of which is a contact 
surface 56. The spring contact arm sections 52 of all of 
the contact members 44 are parallel and aligned, extend 
ing rearwardly from mating face 58 of housing 42. 
Housing 42. Housing 42 has an outer mating section 
comprising a hood section 62 extending forwardly of 
mating face 60 de?ning a large cavity 64 within which 
are disposed post sections 48, 50 of contact members 44. 
Housing 42 also has an inner section including mounting 
?anges 66 for securing to connector harness 120, and a 
weld ?ange 68 for securing to tank weld section 70 of 
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?uid tank 30 peripherally around aperture 82 preferably 
by ultraconic welding as is conventionally known. 

Referring to FIGS. 4A, 4B and 4C, bulkhead connec 
tor 40 is preferably made in the following manner. A 
lead frame 72 is stamped and formed of copper-iron 
alloy in continuous strip from which is then plated with 

- tin-lead over nickel, with contact members 44 attached 
to a strap 74. Post sections 48, 50 are preferably of 
greater thickness than the remainder of contact mem 
bers 44, for stiffness during mating, which can best be 
accomplished by milling a milled section 76 into lead 
frame 72 prior to the forming steps. Then alternating 
ones of post section 48, 50 of contact members 44 are 
formed formed two aligned rows by bending body sec 
tions 46 as indicated in FIG. 4B. Stamped and formed 
lead frame 72 is then placed in a mold, and housing 42 
is molded therearound perferably of thermoplastic resin 

; such as glass-?lled nylon. Opposed pro?led mold core 
sections extend into the mold cavity (not shown) in a 
manner generally known in conventional molding, at 
aperture 78 to engage portions of body sections 46 of 
contact member 44 to maintain them in position during 
molding. Contact members 44 are then severed from 
each other at path links 80, after which spring contact 
arm sections are formed as shown in FIG. 3. It is pre 
ferred to apply a sealant material around the base of 
each post section 48, 50 where they extend forwardly 
from mating face 60, to compensate for shinkage of the 
molded housing from therearound after molding, to 
maintain a ?uid-tight seal through bulkhead connector 
40. 

Referring to FIG. 2A, 5 and 5A, bulkhead connector 
40 ia preferably mounted to tank 30 by inserting it 
through bulkhead aperture 82 of one of tank walls 32 
from the outside, so that mating face 60 and hood sec» 
tion 62 face outwardly and mating face 58 faces in: 
wardly. Weld ?ange 68 abuts tank weld section 70 
about the periphery of bulkhead aperture 82 and is seal 
ingly secured thereat such as preferably by ultrasonic 
welding. Mounting ?anges 66 extend inwardly from 
tank wall 32 to receive connector harness 120, and 
spring contact arm sections 52 extend inwardly from 
mating face 58 and downwardly. Housing 42 preferably 
has a latch projection 84 molded on the outside of hood 
section 62 to enable latching to wire harness connector 
100 matable therewith. Housing 42 also preferably has 
an apertured lock projection 86 molded on the outside 
of hood section 62 to enable a secondary locking to 
connector 100 after latching thereto. Shown best in 
FIG. 5, key 88 are molded longitudinally along the 
inside surface of hood section 62 to enable polarization 
with mating connector 100 (FIG. 6), and large cavity 64 
has a larger forward cavity section 90. 
Wire harness connector 100 in FIG. 6 can comprise a 

housing 102 and mating contacts 104. Mating contacts 
104 are disposed within contact cavities 106 in plug 
section 108 of housing 102. Around the outside of plug 
section 108 is an elastomeric sealing member 110 which 
will be disposed within forward cavity section 90 of 
bulkhead connector 40 in sealing enegagement with 
inner surfaces of hood section 62 thereof. Keying reces 
ses 112 enter beside keys 88 (FIG. 5) for polarized mat 
ing. Latch arm 114 rides over latch projection 84 and 
latches therebehind upon mating of wire harness con 
nector 100 with bulkhead connector 40. Slotted lock 
arm 116 extends past lock projection 86 of bulkhead 
connector 40, after which lock 117 is secured to lock 
projection 86 of bulkhead connector 40 to provide sec 
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ondary locking of connector 100 to connector 40. Wire 
harness connector 100 is applied to the ends of electrical 
cables 118 which extend either to power supply 24 or to 
chassis ground by way of switches controlled by com” 
puter 14. 

Referring now to FIG. 7, connector harness 120 has 
contact members 122 each of which has has a contact 
section 124 preferably disposed ?ush on bulkhead-prox 
imate contact surface 126 of insulating cover 128, which 
will be in electrical engagement with a corresponding 
contact surface 56 of spring contact arm 52 of bulkhead 
connector 40 (FIG. 5). Insulating cover 128 is secured 
to contact members 122 and has vertical eared mount 
ing flanges 130 which cooperate with and closely en 
gage eared mounting ?anges 66 of bulkhead connector 
40 to allow mating engagement as shown in FIGS. 2A, 
5 and 5A by appropriate vertical movement of connec 
tor harness 120 with respect to mounted connector 40, 
and vertical movement of connector harness 120 is 
arrested by stops 132 on tank ?oor 34. Insulating cover 
128 preferably has a strength rib 134 molded on the 
other side thereof to provide support when contact 
sections 124 are engaged by spring contact arm sections 
52 of bulkhead connector 40 which are preferably very 
stiff to provide high contact force with contact sections 
124. 

In FIG. 7, contact members 122 extend parallel later 
ally from insulating cover 128. Spaced from insulating 
cover 128 on either side thereof are insulating covers 
138, 140 around contact members 122, with contact 
members 122 having exposed portions between insulat 
ing covers 138, 140 and isulating cover 128, de?ning 
bend areas 136. Connector harness 120 is bendable at 
bend areas 136 to extend around corners 36 inside tank 
30, as best seen FIG. 2. Insulating covers 138, 140 have 
ends 142 for mounting within ?anges 38 of tank walls 32 
to secure connector harness 120 within tank 30. Insulat 
ing covers 138, 140 have horizontally extending contact 
apertures 144 whereby contact section 146 of contact 
members 122 are exposed for electrical engagement be 
mating contact members of a solenoid connector 200 
(FIG. 11). Three contact apertures 144 and three 
contact sections 146 recessed therewithin are arranged 
parallel to each other in three contact areas 148, a 
contact area 148 for each of the three soleniod connec 
tors 200 electrically engageable with connector harness 
120 thereat. With each contact area 148 are a power 
contact section, a primary ground contact section, and a 
secondary ground contact section. For example, as 
shown in FIG. 13 for contact area 148C there are power 
contact section 150C, primary ground contact section 
152C, and secondary ground contact section 154C. 

Referring to FIGS. 8A to 8C, connector harness 120 
is preferably made in the following manner. A lead 
frame 156 is stamped from a continuous strip of copper 
alloy, which is then tin-lead plated, with contact mem 
bers 122 connected to two parallel outer straps 158 and 
to each other. Bend or “jog” 129 is then formed in the 
lead frame. Lead frame 156 is placed in a mold having 
three mold cavities, and insulating covers 128, 138, 140 
preferably of thermoplastic resin such as glass-?lled 
nylon are molded to lead frame 156. Lead frame 156 is 
held in position spaced appropriately from surfaces of 
the mold cavity by pairs of opposing pins positioned at 
locations indicated by locating apertures 160 in covers 
128, 138, 140. Contact section 124 are firmly held 
against the mold cavity wall by locating pins extending 
from the opposing mold cavity wall (not shown) to 














